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(57)Abstract: 

PROBLEM TO BE SOLVED: To obtain a high quality 
semiconductor crystal nearly free from dislocations. 
SOLUTION: When a substrate layer (a desired semiconductor 
crystal) of a group III nitride-based compound is grown on a 
ground substrate having a plurality of projection parts, cavities 
where no semiconductor crystal is deposited are formed at 
each of spaces between the projected parts, depending on the 
size of each projected part, the distance between the projected 
parts, crystal growth conditions, or the like. Therefore, when the 
thickness of the substrate layer is made sufficiently larger than 
the height of the projected parts, an internal stress or an 
external stress tends to act on the projected parts in a 
concentrated manner. These stresses act especially on the 
projected parts as the shear stress, and when the stresses 
become large enough, fracture occurs at the projected parts. 
Accordingly, it becomes possible to easily separate the ground 
substrate and the substrate layer by the use of these stresses 
and to obtain the semiconductor crystal independent from the 
ground substrate. The stresses are more easily concentrated on 

the projected parts as the sizes of the cavities become larger, and it becomes possible to separate the 
substrate layer from the ground substrate without failure. 
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* NOTICES * - 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer.So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The manufacture method of a semiconducting crystal characterized by providing the followinj 
A longitudinal direction crystal-growth operation is used and it is on a ground substrate. Height 
formation process which is the method of obtaining the semiconducting crystal which became 
independent of the aforementioned ground substrate by forming the substrate layer which consists of 
an III group nitride system compound semiconductor, and forms many heights on the aforemention d 
ground substrate. The crystal-growth process to which the crystal growth of the aforementioned 
substrate layer is carried out until this growth side is mutually connected respectively as first growth 
side where the aforementioned substrate layer starts a crystal growth and it grows up to be a series ol 
abbreviation flat surfaces at least in a part of front face [ at least ] of the aforementioned h ight. The 
partition stage which separates the aforementioned substrate layer and the aforementioned ground 
substrate by fracturing the aforementioned height 

[Claim 2] The manufacture method of the semiconducting crystal according to claim 1 charact rized b* 
generating the stress based on the coefficient-of-thermal-expansion difference of the aforementioned 
substrate layer and the aforementioned ground substrate, and fracturing the aforementioned h ight by 
cooling or heating the aforementioned substrate layer and the aforementioned ground substrate using 
this stress. 

[Claim 3] A longitudinal direction crystal-growth operation is used and it is on a ground substrate. By 
forming the substrate layer which consists of an III group nitride system compound semiconductor The 
height formation process which is the method of obtaining a semiconducting crystal and forms many 
heights on the aforementioned ground substrate, A part of front face [ at least ] of the aforementioned 
height until this growth side is connected mutually respectively and it grows up to be a series of 
abbreviation flat surfaces at least as first growth side where the aforementioned substrate layer starts 
crystal growth Have the crystal-growth process to which the crystal growth of the aforementioned 
substrate layer is carried out, and it sets at the aforementioned crystal-growth process. Above By 
adjusting the amount q of feeding of an HI group nitride system compound semiconductor The 
manufacture method of the semiconducting crystal characterized by controlling the difference (b-a) of 
the rate of crystal growth a of the aforementioned III group nitride system compound semiconductor in 
some [ at least ] exposed regions of the trough between the aforementioned heights of the 
aforementioned ground substrate, and the rate of crystal growth b in the parietal region of the 
aforementioned height to abbreviation maximum. 

[Claim 4] It describes above in the aforementioned crystal-growth process. The claim 1 characterized 
by controlling the difference (b-a) of the rate of crystal growth a of the aforementioned III group nitride 
system compound semiconductor in some [ at least ] exposed regions of the trough between the 
aforementioned heights of the aforementioned ground substrate, and the rate of crystal growth b in the 
parietal region of the aforementioned height to abbreviation maximum by adjusting the amount q of 
feeding of an III group nitride system compound semiconductor, or the manufacture method of a 
semiconducting crystal according to claim 2. 

[Claim 5] They are 1 micromol / min about the aforementioned amount q of feeding. They are 
lOOmicromol / min above. The claim 3 characterized by considering as the following, or the manufacture 
method of a semiconducting crystal according to claim 4. 

[Claim 6] The manufacture method of a semiconducting crystal given in any 1 term of the claim 1 
characterized by using silicon (Si) or carbonization silicon (SiC) as a material of the aforementioned 
ground substrate, or a claim 5. 
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[Claim 7]. The manufacture method of a semiconducting crystal given in any 1 term of the claim 1 
characterized by forming the aforementioned height in the aforementioned height formation process, 
using Si (1 1 1) as a material of the aforementioned ground substrate so that Si (1 1 1) side may not be 
exposed to the exposed region of the trough between the aforementioned heights of the aforementiom 
ground substrate, or a claim 6. 

[Claim 8] The manufacture method of a semiconducting crystal given in any 1 term of the claim 1 
characterized by having the process which forms in the front face of the aforementioned height at leas 
the buffer layer which consists of "Alx Ga1-x N (0< x<=1)" after the aforementioned height formation 
process, or a claim 7. 

[Claim 9] The manufacture method of the semiconducting crystal according to claim 8 characterized b: 
forming the thickness of the aforementioned buffer layer below in the lengthwise height of the 
aforementioned height. 

[Claim 10] The manufacture method of a semiconducting crystal given in any 1 term of the claim 1 
characterized by setting thickness of the aforementioned substrate layer to 50 micrometers or mor in 
the aforementioned crystal-growth process, or a claim 9. 

[Claim 11] The manufacture method of a semiconducting crystal given in any 1 term of the claim 1 
characterized by changing a crystal-growth method into the quick crystal-growth method of the rate o 
crystal growth on the way from the late crystal-growth method of the rate of crystal growth in the 
aforementioned crystal-growth process, or a claim 10. 

[Claim 12] The manufacture method of a semiconducting crystal given in any 1 term of the claim 1 
characterized by forming the aforementioned height in the aforementioned height formation process so 
that the aforementioned height may be arranged abbreviation regular intervals or an abbreviation fixed 
period, or a claim 1 1 . 

[Claim 13] The manufacture method of the semiconducting crystal according to claim 12 characterized 
by forming the aforementioned height in the aforementioned height formation process on the lattice 
point of the two-dimensional triangular grid to which one side makes the keynote the abbreviation 
equilateral triangle of 0.1 micrometers or more. 

[Claim 14] The manufacture method of a semiconducting crystal given in any 1 term of the claim 1 
characterized by forming the horizontal section configuration of the aforementioned height in an 
abbreviation equilateral triangle, an approximate regular hexagon, an approximate circle form, or a squan 
in the aforementioned height formation process, or a claim 13. 

[Claim 15] The manufacture method of a semiconducting crystal given in any 1 term of the claim 1 
characterized by setting the arrangement interval of the aforementioned height to 0.1 micrometers or 
more and 10 micrometers or less in the aforementioned height formation process, or a claim 14. 
[Claim 16] The manufacture method of a semiconducting crystal given in any 1 term of the claim 1 
characterized by setting the lengthwise height of the aforementioned height to 0.5 micrometers or more 
and 20 micrometers or less in the aforementioned height formation process, or a claim 1 5. 
[Claim 17] The manufacture method of a semiconducting crystal given in any 1 term of the claim 1 
characterized by setting the size of the longitudinal direction of the aforementioned height, width of 
face, or a diameter to 0.1 micrometers or more and 10 micrometers or less in the aforementioned heighl 
formation process, or a claim 1 6. 

[Claim 1 8] Before the aforementioned crystal-growth process, by physical processing of optical 
processing, such as various etching, electron-beam-irradiation processing, and laser, chemical 
preparation or cutting, polish, etc. By deteriorating or changing the crystallinity of some [ at least ] 
exposed regions of the trough between the aforementioned heights of the aforementioned ground 
substrate, or the molecular structure The above in the aforementioned exposed region The manufacture 
method of a semiconducting crystal given in any 1 term of the claim 1 characterized by reducing the 
rate of crystal growth a of an III group nitride system compound semiconductor, or a claim 1 7. 
[Claim 19] In the state [ leaving the substrate which consists of the aforementioned ground substrate 
and the aforementioned substrate layer to the reaction chamber of growth equipment in the 
aforementioned partition stage, and having passed the ammonia (NH3) gas of abbreviation constant flow 
to the aforementioned reaction chamber ] The manufacture method of a semiconducting crystal given in 
any 1 term of the claim 1 characterized by cooling the aforementioned substrate to abbreviation 
ordinary temperature with the cooling rate about "-100 degree-C/min — 0.5 degree C/min" in general, a 
claim 2, a claim 4, or a claim 18. 

[Claim 20] The manufacture method of a semiconducting crystal given in any 1 term of the claim 1 
characterized by having the wreckage removal process that chemical or physical processing processing 
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of etching etc. removes at least the fracture wreckage of the aforementioned height which remained a 
the rear face of the aforementioned substrate layer after the aforementioned partition stage, a claim 2 
a claim 4, or a claim 19. 

[Claim 21] It is characterized by having the aforementioned semiconducting crystal manufactured by 
any 1 term of a claim 1 or a claim 20 using the manufacture method of the semiconducting crystal a 
publication as a crystal-growth substrate. Ill group nitride system compound semiconductor light 
emitting device. 

[Claim 22] It is characterized by what was manufactured by the crystal growth which used as the 
crystal-growth substrate the aforementioned semiconducting crystal manufactured by any 1 term of a 
claim 1 or a claim 20 using the manufacture method of the semiconducting crystal a publication. Ill 
group nitride system compound semiconductor light emitting device. 



[Translation done.] 
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* NOTICES * * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] this invention uses a longitudinal direction crystal- 
growth operation, and is on a ground substrate. It is related with the manufacture method of a 
semiconducting crystal of obtaining a crystal-growth substrate, by forming the substrate lay r which 
consists of an III group nitride system compound semiconductor. 
[0002] 

[Description of the Prior Art] If the crystal growth of the nitride semiconductors, such as a gallium 
nitride (GaN), is carried out on the ground substrate which consists of silicon (Si) etc. and it cools to 
ordinary temperature after that so that it may illustrate to drawing 5 for example, generally it is known 
that many transposition and cracks will go into a nitride semiconductor layer. 
[0003] 

[Problem(s) to be Solved by the Invention] Thus, when many transposition and cracks went into the 
growth phase (nitride semiconductor layer) and a device is produced on it, it becomes the cause which 
brings a result which many a lattice defect, transposition, deformation, cracks, etc. produce, and causes 
degradation of a device property into a device. Moreover, the ground substrate which consists, for 
example of silicon (Si) etc. is removed, and when it is going to leave only a growth phase and is going to 
obtain the independent substrate (crystal), the thing of a large area (more than 1 cm2) is not obtained b^ 
operation of the above-mentioned transposition, a crack, etc. 

[0004] It is that accomplish this invention in order to solve the above-mentioned technical problem, and 
the purpose does not have a crack, and the density of transposition obtains the semiconducting crystal 
(crystal-growth substrate) of low high quality. 
[0005] 

[A The means for solving a technical problem, an operation, and an effect of the invention] The followinf 
meanses are effective in order to solve the above-mentioned technical problem. Namely, the 1st means 
uses a longitudinal direction crystal -growth operation, and is on a ground substrate. In the 
manufacturing process which obtains the semiconducting crystal which became independent of a grounc 
substrate by forming the substrate layer which consists of an III group nitride system compound 
semiconductor The crystal-growth process to which the crystal growth of the substrate layer is carried 
out until this growth side is mutually connected with the height formation process which forms many 
heights on a ground substrate respectively in a part of front face [ at least ] of this height as first 
growth side where a substrate layer starts a crystal growth and it grows up to be a series of 
abbreviation flat surfaces at least, It is preparing the partition stage which separates a substrate layer 
and a ground substrate by fracturing a height. 

[0006] however, to general "III group nitride system compound semiconductor" said here The 
semiconductor of the arbitrary mixed-crystal ratios expressed with 2 yuan, 3 yuan, or 4 yuan the 
general formula which "Alx Gay In (1-x-y) N (0<=x<=1, 0<=y<=1, 0 <= x +y<=1) N" Changes is contained. 
Furthermore, also let the semiconductor with which p type or the n type impurity was added be the 
criteria of the "III group nitride system compound semiconductor" of this specification. Moreover, the 
above Let the semiconductor which replaced the part of the III group elements (aluminum, Ga, In) with 
boron (B), the thallium (Tl), etc., or replaced some nitrogen (N) by Lynn (P), arsenic (As), antimony (Sb), 
the bismuth (Bi), etc. be the criteria of the "III group nitride system compound semiconductor" of this 
specification, moreover — as the impurity of the above-mentioned p type — magnesium (Mg) ~ or 
calcium (calcium) etc. can be added Moreover, as an impurity of the above-mentioned n type, silicon 
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(Si) f sulfur (S), a selenium (Se), a tellurium (Te) or germanium (germanium), etc. can be added, for 
example. Moreover, these impurities may add two or more elements simultaneously, and may add both 
molds (p type and n type) simultaneously. 

[0007] For example, on the ground substrate which has many heights so that it may illustrate to drawii 
1 When growing up the substrate layer (semiconducting crystal) which consists of an III group nitride 
system compound, formation of the "cavity" by which a laminating is not carried out of a 
semiconducting crystal is attained between each height (side of a height) by adjusting the size and 
arrangement interval of a height, crystal-growth terms and conditions, etc. For this reason, if substrata 
layer thickness is enlarged enough as compared with the height of a height, internal stress or external 
stress will become easy to act on this height intensively. When it acts as shearing stress to a height 
etc. and this stress becomes large, a height fractures the result, especially such stress. Therefore, if 
this stress is used, it will become possible to separate a ground substrate and a substrate layer easily 
(ablation). By this means, the crystal (substrate layer) which became independent of a ground substrat 
can be obtained. Moreover, it becomes easy to concentrate stress (shearing stress) on a height, so th* 
the above-mentioned "cavity" is formed greatly. 

[0008] moreover — for example, the distortion based on [ since the contact part of a ground substrate 
and a substrate layer (or desired semiconducting-crystal layer) is narrowly limited by forming the above 
heights so that drawing 1 may also show ] both lattice constant difference — being generated — being 
hard — "the stress based on the lattice constant difference between a ground substrate and a 
substrate layer" is eased For this reason, in case a substrate layer (desired semiconducting crystal) 
carries out a crystal growth, the unnecessary stress committed in the substrate layer under growth is 
suppressed, and the generating density of transposition or a crack is reduced. 

[0009] In addition, in case a ground substrate and a substrate layer are separated (ablation), a part of 
substrate layer may remain in a ground substrate side, or a part of ground substrate (example : fracture 
wreckage of a height) may remain in a substrate layer side. Namely, the above-mentioned partition stag 
is not premised on perfect separation of each material which makes some wreckage of such material 
there be nothing (requirement). 

[0010] Moreover, 2nd means to solve the above-mentioned technical problem is generating the stress 
based on the coefficient-of-thermal-expansion difference of a substrate layer and a ground substrate, 
and fracturing the above-mentioned height using this stress by setting for these 1 st means, and cooling 
or heating a substrate layer and a ground substrate. According to this means, it becomes possible to 
generate the above-mentioned stress easily. 

[0011] Moreover, the 3rd means uses a longitudinal direction crystal-growth operation, and is on a 
ground substrate. In the manufacturing process which obtains a semiconducting crystal by forming the 
substrate layer which consists of an III group nitride system compound semiconductor The crystal- 
growth process to which the crystal growth of the substrate layer is carried out until this growth side is 
mutually connected with the height formation process which forms many heights on a ground substrate 
respectively in a part of front face [ at least ] of this height as first growth side where a substrate layer 
starts a crystal growth and it grows up to be a series of abbreviation flat surfaces at least is 
established. In this crystal-growth process By adjusting the amount q of feeding of an III group nitride 
system compound semiconductor It can set to some [ at least ] exposed regions of the trough between 
the heights of a ground substrate. It is controlling the difference (b-a) of the rate of crystal growth a of 
an III group nitride system compound semiconductor, and the rate of crystal growth b in the parietal 
region of a height to abbreviation maximum. 

[001 2] According to this means, the rate of crystal growth near the parietal region of a height becomes 
large relatively, and the crystal growth near [ above ] an exposed region is suppressed comparatively, 
and becomes dominant [ the crystal growth from near the parietal region ]. Consequently, longitudinal 
direction growth (ELO) of the substrate layer started from near the parietal region of a height becomes 
remarkable, and "the stress based on the lattice constant difference between a ground substrate and a 
substrate layer" committed in a substrate layer at the time of the crystal growth of a substrate layer is 
eased. Therefore, the crystal structure of a substrate layer is stabilized and it is hard coming to 
generate transposition and a crack in a substrate layer. Moreover, if longitudinal direction growth (ELO) 
of a substrate layer becomes remarkable, a comparatively big cavity may be made in the side (between 
each height) of a height, for example. 

[0013] For example, when irregularity is formed on the front face of a ground substrate a suitable size, 
an interval, or a period so that it may illustrate to drawing 1 , generally except the periphery part near 
the periphery side attachment wall of a ground substrate, the direction of the amount of supply per the 
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unittime'and unit area of crystal material of a crevice (trough) tends to decrease compared with near 
the upper surface of heights (height). This inclination becomes possible [ controlling the above- 
mentioned difference (b-a) to abbreviation maximum ] by controlling these terms and conditions the 
optimal or suitably, although it depends in the flow rate of the gas stream of crystal material, 
temperature, the direction, etc. 

[0014] Moreover, the 4th means can be set in the above 1st or the crystal-growth process of the 2nd 
means to some [ at least ] exposed regions of the trough between the heights of a ground substrate b 
adjusting the amount q of feeding of an III group nitride system compound semiconductor. It is 
controlling the difference (b-a) of the rate of crystal growth a of an III group nitride system compound 
semiconductor, and the rate of crystal growth b in the parietal region of a height to abbreviation 
maximum. 

[001 5] Also in this case, "the stress based on the lattice constant difference between a ground 
substrate and a substrate layer" committed in a substrate layer at the time of the crystal growth of a 
substrate layer is eased like the above-mentioned means, the crystal structure of a substrate layer is 
stabilized, and it is hard coming to generate transposition and a crack in a substrate layer. When 
longitudinal direction growth is remarkable, it becomes comparatively remarkable, so that a cavity is 
made by this operation and effect between each height (side of a height). Moreover, if a cavity is forme 
in the side (between each height) of a height, it will become easy to concentrate shearing stress on a 
height, and shearing stress will become easy to separate a ground substrate and a substrate layer in th 
above-mentioned partition stage. This operation and effect become remarkable, so that the cavity 
between each height (side of a height) becomes large. 

[001 6] Moreover, it sets for the above 3rd or the 4th means, and the 5th means is 1 micromol / mm 
about the above-mentioned amount q of feeding. They are lOOmicromol / min above. It is considering a 
the following. 

[0017] The more desirable above-mentioned amount q of feeding is 5micromol / mm. They are 
90micromol / min above. The following is good. Furthermore, although it depends also on terms and 
conditions, such as specification of ground substrates, such as a size of the height formed, and a form, 
an arrangement interval, a kind of feed, and the direction of feeder current, a crystal-growth method, as 
a desirable value, they are 10-80micromol / min in general. A grade is ideal. Since it will become difficul 
to control the above-mentioned difference (b-a) to abbreviation maximum if this value is too large, it 
becomes difficult to form a big cavity between each height (side of a height). As for the crystallinity of 
the single crystal of a substrate layer, it becomes easy to deteriorate and is not desirable to follow, in 
such a case for the stress in the crystal based on a lattice constant difference comparatively to be har 
to be eased, and for transposition to occur etc. 

[0018] moreover, the time of stress (shearing stress) separating a ground substrate and a substrate 
tayer — a height — if there is no cavity of the side or this cavity is small — a height — stress 
concentrating — being hard — fracture of a height is hard coming to happen and is not desirable On 
the other hand, if the amount q of feeding is too small, crystal-growth time will be taken too much and r 
will become disadvantageous in respect of productivity, and it is not desirable. 
[0019] Moreover, the 6th means is using silicon (Si) or carbonization silicon (SiC) as a material of a 
ground substrate in any the above 1st or 5th one means, moreover — as the material of other ground 
substrates — GaN, AIN, GaAs, InP, GaP. MgO and ZnO, and MgAI 204 etc. — it is useful and sapphire, 
a spinel, manganese oxide, an oxidization gallium lithium (LiGa02), a molybdenum sulfide (MoS), etc. are 
usable However, when separating a ground substrate and a substrate layer using the shearing stress 
based on a coefficient-of-thermal-expansion difference, it is desirable to choose the combination to 
which the coefficient-of-thermal-expansion difference between both material does not become small, 
and it is desirable to choose as a ground substrate side the material to which fracture tends to take 
place. 

[0020] Moreover, the 7th means is forming a height, using Si (1 1 1) as a material of a ground substrate, 
so that Si (1 1 1) side's may not be exposed to the exposed region of the trough between the heights of £ 
ground substrate in a height formation process in any the above 1st or 6th one means. According to this 
means, since the rate of crystal growth a of the exposed surface of the above-mentioned trough can be 
suppressed small, it becomes possible to carry out the abbreviation maximization of the above- 
mentioned difference (b-a) stably, with crystallinity maintained. 

[0021] Moreover, the means of the octavus is establishing the process which forms the buffer layer 
which consists of "Alx Ga1-x N (0< x<=1)" on the surface of a height at least after the height formation 
process of any the above 1 st or 7th one means. 

http://www4.ipdl.jpo.go.jp/cgi-bin/tran_web_cgi_ejje 2003/04/OS 



4/8 "S— 

[0022] however; the buffer layer of another further the above [ buffer layer / above-mentioned ] and 
the interlayer of **** composition (example : AIN and AIGaN) — other periodic or layers and alternati 
— or you may carry out a laminating so that multilayer structure may be constituted 
[0023] The same operation principle as the former of being able to ease the stress committed in the 
substrate layer (growth phase) resulting from a lattice constant difference by the laminating of such a 
buffer layer (or interlayer) enables it to raise crystallinity. 

[0024] Moreover, the 9th means is forming the thickness of a buffer layer below in the lengthwise heig 
of a height in the means of the above-mentioned octavus. Moreover, as an absolute standard, th 
thickness of a buffer layer has about 0.01 micrometers or more and desirable 1 micrometer or I ss. By 
this means, only the crystal layer (example : GaN layer) of the request formed on a buffer layer can be 
grown up into a longitudinal direction good. That is, "the stress based on a lattice constant difference" 
applied to the crystal layer formed on a buffer layer at the time of a crystal growth is mitigated by this 
means, and dislocation density can decrease effectively by it. 

[0025] According to the above-mentioned means [ like ] but which has the direction of GaN which is 
easy to be formed all over the abbreviation for the front face which the ground substrate exposed, and 
forms a desired crystal-growth layer etc. originally in the inclination which is easy to carry out 
longitudinal direction growth from AIN, AIGaN, etc., AIN which forms a buffer layer etc., AIGaN, etc. can 
form more certainly big a "cavity" in the side of a height. 

[0026] Moreover, when a substrate layer is separated from a ground substrate, a crystal layer (layer of 
the request formed on a buffer layer) is broadly exposed also to the rear face (field of a side with the 
ground substrate) of a substrate layer soon with this means. Therefore, in case an electrode is form d 
in the rear face of a substrate layer, it becomes easy to suppress electric resistance. 
[0027] In addition, the thickness of a buffer layer has 0.1 micrometers or more and good 0.5 
micrometers or less more desirably, although about 0.01 micrometers - about 1 micrometer is as above 
mentioned a in general appropriate range. A cavity becomes easy to become small and is not desirable 
this thickness is too thick. Moreover, if this thickness is made thin too much, it will become difficult to 
form a buffer layer to abbreviation homogeneity. If the membrane formation nonuniformity (part which ii 
not fully formed) of a buffer layer arises in near the upper part of a height especially, it becomes easy t 
produce nonuniformity also in crystallinity, and is not desirable. 

[0028] Moreover, the 10th means is setting thickness of a substrate layer to 50 micrometers or more ir 
the above 1 st or the crystal-growth process of any 9th one means. 

[0029] The tensile stress to a substrate layer is eased and the thickness of the substrate layer (III 
group nitride system compound semiconductor) which carries out a crystal growth can decrease the 
generating density of the transposition of a substrate layer, or a crack, so that about 50 micrometers oi 
more are desirable and this thickness is thick. Furthermore, a substrate layer can be strengthened 
simultaneously and it becomes that it is easy to centralize the above-mentioned shearing stress on the 
above-mentioned height. 

[0030] Moreover, the 11th means is changing a crystal-growth method into the quick crystal-growth 
method of the rate of crystal growth on the way from the late crystal-growth method of the rate of 
crystal growth in the above 1st or the crystal-growth process of any 10th one means. 
[0031] For example, if the crystal-growth method (example : the MOVPE method) which is easy to make 
the above-mentioned difference (b-a) the abbreviation maximum is adopted and setting thickness to 50 
micrometers or more efficiently after that adopts an easy crystal-growth method (example : the HVPE 
method) until a crystal-growth side grows into a series of abbreviation planes, it will become possible to 
obtain a crystalline good semiconducting crystal for a short time. 

[0032] Moreover, the 12th means is forming the above-mentioned height so that a height's may be 
arranged abbreviation regular intervals or an abbreviation fixed period in the height formation process of 
any the above 1st or 1 1th one means. 

[0033] Thereby, it becomes equal on the whole omitting the growth conditions of longitudinal direction 
growth, and it is hard coming to generate nonuniformity in a crystalline quality, moreover, the crystal- 
growth method the late crystal-growth method of the rate of crystal growth to the rate of crystal 
growth is quick since it is hard coming to generate local variation at time until the upper part of the 
trough between heights is completely covered by the substrate layer — on the way — the case where 
come out and a crystal-growth method is changed — the time — exact — an early stage — or it 
becomes easy it to be decided for that it will be a meaning Moreover, by this means, since the above- 
mentioned cavity serves as a size with an equal abbreviation respectively and becomes possible 
[ distributing the above-mentioned shearing stress to each height equally / abbreviation ], fracture of all 
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heights arises without nonuniformity and separation with a ground substrate and a substrate layer can 
carry out certainly. 

[0034] Moreover, the 13th means is forming a height on the lattice point of the two-dimensional 
triangular grid to which one side's makes the keynote the abbreviation equilateral triangle of 0.1 
micrometers or more in the height formation process of the 12th above-mentioned means. By this 
means, the 12th above-mentioned means can be carried out correctly and certainly more concretely, 
and, therefore, the number of transposition can be reduced certainly. 

[0035] Moreover, the 14th means is forming the horizontal section configuration of a height in an 
abbreviation equilateral triangle, an approximate regular hexagon, an approximate circle form, or a squai 
in the height formation process of any the above 1st or 13th one means, the direction of the 
crystallographic axis of the crystal formed from an HI group nitride system compound semiconductor ol 
this means — each part — a set — easy — arbitrary horizontal directions since it becomes — 
receiving — length with a horizontal height (size) — abbreviation — since it can restrict uniformly, the 
number of transposition can be suppressed Since especially a right hexagon and an equilateral triangle 
tend to agree with the crystal structure of a semiconducting crystal, they are more desirable. Moreover 
a round shape and a square have the merit compared with the present condition of the present general 
processing technical level referred to as being easy to form in respect of a manufacturing technology. 
[0036] Moreover, the 15th means is setting the arrangement interval (arrangement period) of a height t« 
0.1 micrometers or more and 10 micrometers or less in the height formation process of any th above 
1st or 14th one means. More desirably, although it is dependent also on the operation conditions of a 
crystal growth, the arrangement interval of a height has good about 0.5-8 micrometers. However, this 
arrangement interval means the distance between the central point of each height which approaches 
mutually. 

[0037] While this means enables it to cover the upper part of the trough of a height in a substrate layer 
it becomes possible to form a cavity between heights. If this value is too small, an operation of ELO will 
no longer be obtained hardly and crystallinity will deteriorate. Unless the cavity formed becomes small 
too much and makes thickness of a substrate layer larger than required, it becomes moreover, less eas) 
to fracture a height. 

[0038] Moreover, if this value becomes large too much, it will become impossible to cover the upper par 
of the trough of a height in a substrate layer certainly, and a crystal (substrate layer) homogeneous 
[ crystallinity ] and good will no longer be obtained. If this value is still too larger, since the exposed 
surface of a trough will become vast too much, and an operation of ELO will hardly be obtained no 
longer and a cavity will no longer be formed at all, unless crystallinity deteriorates and thickness of a 
substrate layer is made larger than required, it becomes or less easy to fracture a height. 
[0039] Moreover, the 16th means is setting the lengthwise height of a height to 0.5 micrometers or mon 
and 20 micrometers or less in the height formation process of any the above 1st or 15th one means. 
More desirably, although it is dependent also on the operation conditions of a crystal growth, the 
lengthwise height of a height has good about 0.8-5 micrometers. If this height is too short, like the case 
where there is no height, an operation of ELO will no longer be obtained hardly and crystallinity will 
deteriorate. Moreover, if this height is too short, the above-mentioned cavity will no longer be formed. 
Moreover, if this height is too high, the formation of a height itself becomes difficult, formation of a 
height takes time more than required, or material of a ground substrate is consumed more than required 
and it is not desirable. Moreover, if this height is too high, it will become difficult for lengthwise [ of a 
height ] to distribute and for shearing stress to make a height fracture certainly. 

[0040] Moreover, the 17th means is setting the size of the longitudinal direction of a height, width of 
face, or a diameter to 0.1 micrometers or more and 10 micrometers or less in the height formation 
process of any the above 1st or 16th one means. More desirably, although it is dependent also on the 
operation conditions of a crystal growth, the size of the longitudinal direction of a height, width of face, 
or a diameter has good about 0.5-5 micrometers. If this size is too thick, the influence of stress which 
works in a substrate layer (growth phase) based on a lattice constant difference will become large, and 
it will become easy to increase the number of dislocation of a substrate layer. Moreover, if too thin, the 
own formation of a height becomes difficult, or the rate of crystal growth b of the parietal region of a 
height becomes slow, and it is not desirable. 

[0041] Moreover, if the size of the longitudinal direction of a height, width of face, or a diameter is too 
large in case a height is made to fracture with stress (shearing stress etc.), it becomes easy to produce 
the portion which is not fractured certainly, and is not desirable. Moreover, the size of the influence of 
stress which works in a substrate layer (growth phase) based on a lattice constant difference does not 
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depend dnly on the size (length) of the longitudinal direction of a height, and is dependent on the 
arrangement interval of a height etc. And if these setting ranges are unsuitable, the influence of stress 
based on a lattice constant difference becomes large as mentioned above, and it becomes easy to 
increase the number of dislocation of a substrate layer, and is not desirable. 

[0042] Moreover, since there is an optimum value or a proper range in the size of the longitudinal 
direction near the parietal region of a height, width of face, or a diameter as mentioned above, the 
configuration of the upper surface of a height, a base, or a horizontal section has the configuration (the 
shape of an island) closed locally at least, and the configuration still better for it closed to convex 
toward the outside, and the configuration of this upper surface, a base, or a horizontal section has an 
approximate circle form, an abbreviation regular polygon good for it, etc. By such setup, it becomes ea* 
certainly to arbitrary horizontal directions to realize an above-mentioned optimum value or the above- 
mentioned proper range. 

[0043] Moreover, the 18th means is set for any the above 1st or 17th one means. Before a crystal- 
growth process, by physical processing of optical processing, such as various etching, electron-beam- 
irradiation processing, and laser, chemical preparation or cutting, polish, etc. By deteriorating or 
changing the crystallinity of some [ at least ] exposed regions of the trough between the heights of a 
ground substrate, or the molecular structure, it can set to this exposed region. It is reducing the rate o 
crystal growth a of an III group nitride system compound semiconductor. By this means, difference (b-e 
of the aforementioned rate of crystal growth can be enlarged more. Therefore, according to this means, 
since the rate of crystal growth near the parietal region of a height becomes large relatively, "the stres 
based on the lattice constant difference between a ground substrate and a substrate layer" committed 
in a substrate layer at the time of the crystal growth of a substrate layer is eased by the same 
operation as the above, and it is hard coming to generate dislocation and a crack in a substrate layer. 
[0044] Moreover, in any one above-mentioned partition stage, the 19th means is in a state [ leaving the 
substrate which consists of a ground substrate and a substrate layer to the reaction chamber of growtf 
equipment, and having passed the ammonia (NH3) gas of abbreviation constant flow to the reaction 
chamber ], and is cooling a substrate to abbreviation ordinary temperature with the cooling rate about 
"-10Q degree-C/min — 0.5 degree C/min" in general. For example, the aforementioned partition stage 
can be carried out by such means, maintaining the crystallinity of a substrate layer good. 
[0045] Moreover, the 20th means is establishing at least the wreckage removal process chemical or 
physical processing processing of etching etc. removing the fracture wreckage of the height which 
remained in the rear face of a substrate layer, after any one above-mentioned partition stage, the 
current nonuniformity and the electric resistance which are produced near the interface of an electrode 
and a substrate layer when electrodes, such as a semiconductor light emitting device, are formed in the 
rear face (field of the side which made the ground substrate exfoliate) of a substrate layer according to 
this means — it can suppress — therefore — reduction of driver voltage — or improvement in 
luminescence intensity etc. can be aimed at 

[0046] Furthermore, since the absorption of light near a mirror plane and dispersion are reduced and a 
reflection factor improves in case an electrode is used also as reflecting mirrors, such as a 
semiconductor light emitting device, by removing the fracture wreckage of a height, luminescence 
intensity improves. Moreover, since even the buffer layer of the rear face of a substrate layer can be 
removed or the flatness of the rear face of a substrate layer can also be improved when this wreckage 
removal process is carried out by physical processing processing of polish etc. for example, the above- 
mentioned operation effects, such as suppression of current nonuniformity or electric resistance, or the 
absorption of light near a mirror plane, reduction of dispersion, can be reinforced further. 
[0047] Moreover, in the 21st means and an III group nitride system compound semiconductor light 
emitting device, it is having the semiconducting crystal manufactured using the manufacture method of 
the semiconducting crystal which depends on any the above 1 st or 20th one means as a crystal-growth 
substrate. According to this means, it becomes crystallinity is good and more possible [ manufacturing 
an III group nitride system compound semiconductor light emitting device ] than a semiconductor with 
little internal stress, or easy. 

[0048] Moreover, the 22nd means is manufacturing an III group nitride system compound semiconductor 
light emitting device by the crystal growth which used as the crystal-growth substrate the 
semiconducting crystal manufactured using the manufacture method of the semiconducting crystal 
which depends on any the above 1st or 20th one means. According to this means, it becomes 
crystallinity is good and more possible [ manufacturing an III group nitride system compound 
semiconductor light emitting device ] than a semiconductor with little internal stress, or easy. The 
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aforementioned technical problem is solvable with the above means. 
[0049] 

[Embodiments of the Invention] Hereafter, this invention is explained based on a concrete example. 
However, this invention is not limited to the example shown below. Hereafter, the outline of the 
manufacture procedure of the semiconducting crystal (crystal-growth substrate) in the example of thi« 
invention is illustrated. 

[0050] [1] As shown in the height formation process drawing 2, height 101a of the shape of an 
approximate circle pilaster with a diameter [ of about 1 micrometer ] and a height of about 1 micromet 
was formed at intervals of about 2-micrometer arrangement by the dry etching using photo lithography 
on Si (111) side of the ground substrate 101 of the single crystal which consists of silicon. Height 101a 
was formed so that the center at the base of a pillar of height 101a might be arranged on each lattice 
point of the two-dimensional triangular grid which makes the keynote the abbreviation equilateral 
triangle whose one side is about 2 micrometers as an array form. However, thickness of th ground 
substrate 101 was set to about 200 micrometers. 

[0051] [2] At the crystal-growth process book crystal-growth process, as shown in drawing 4 , the 
growth process until a crystal-growth side is mutually connected respectively from the upper surface 
(initial state) of height 101a and grows up to be a series of abbreviation planes was carried out 
according to the organometallic compound vapor growth (the MOVPE method), and the growth process 
until it grows up to be the thick film this substrate layer (crystal layer) of whose is about 200 
micrometers after that was carried out according to the hydride vapor growth (the HVPE method). In 
addition, at this crystal-growth process, it is ammonia (NH3). Gas, carrier gas (H2, N2), trimethylgallium 
(Ga3 (CH3)) gas (it is described as TMG below), and trimethylaluminum (aluminum3 (CH3)) gas (it is 
described as "TMA" below) were used. 

[0052] (a) Organic washing and acid treatment washed first the ground substrate 101 ( drawing 2 ) in 
which the above-mentioned height 101a was prepared, the susceptor laid in the reaction chamber of 
crystal-growth equipment was equipped, and the ground substrate 101 was baked at the temperatur o 
1 100 degrees C, passing H2 to a reaction chamber by the ordinary pressure. 

[0053] (b) Next, according to the MOVPE method, H2, and NH3, TMG and TMA were supplied on the 
above-mentioned ground substrate 101, and AIGaN buffer-layer (one layer of substrate ****) 102a was 
formed. The crystal-growth temperature of this AIGaN buffer-layer 102a was about 1 100 degrees C, 
and thickness was about 0.3 micrometers. ( Drawing 3 ) 

(c) On this AIGaN buffer-layer (one layer of substrate ****) 102a, it is GaN layer 102b of two layer of 
about 5 micrometers of a part of substrate ****, i.e., thickness, H2 and NH3 And TMG was supplied an< 
the crystal growth was carried out at the growth temperature of 1075 degrees C. According to this 
process, as shown in drawing 4 , two layer of a part of substrate **** (GaN layer 102b) carried out 
longitudinal direction growth, and the big cavity was made in the side of trough, i.e., height, 101a. In 
addition, the TMG speed of supply at this time is 40micromol / min in general. It was a grade and th 
rate of crystal growth of two layer of substrate **** (GaN layer 102b) was about about 1 
micrometer/Hr. 

[0054] (d) According to the hydride vapor growth (the HVPE method), the crystal growth of the above- 
mentioned GaN layer (two layer of substrate ****) 102b was further carried out to 200 micrometers 
after that. The rate of crystal growth of GaN layer 1 02b in this HVPE method was about about 45 
micrometer/Hr. 

[0055] [3] Partition stage (a) The ground substrate 101 and the substrate (it consists of AIGaN buffer- 
layer 102a and GaN layer 102b) layer 102 were cooled to abbreviation ordinary temperature after the 
above-mentioned crystal-growth process, passing ammonia (NH3) gas to the reaction chamber of 
crystal-growth equipment. The cooling rate at this time was the "-50 degree-C/min — 5 degree C/min" 
grade in general. 

[0056] (b) When these were taken out from the reaction chamber of crystal-growth equipment after 
that, the GaN crystal which exfoliated from the ground substrate 101 was obtained. However, this 
crystal was a thing [ that some / small / wreckage of AIGaN buffer-layer 102a and the fracture 
wreckage of height 101a have remained at the rear face of GaN layer 102b ]. 

[0057] [4] The fracture wreckage of height 101 a which consists of Si which remained in the rear face of 
a GaN crystal by etching processing using the mixed liquor which added the nitric acid to fluoric acid 
was removed after the partition stage of the fracture wreckage removal process above. 
[0058] By the above manufacture method, the semiconductor substrate of the good GaN crystal of the 
crystallinity of about 200 micrometers of thickness which was very excellent (GaN layer 102b), i.e., the 
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request which became independent of the ground substrate 101, was able to be obtained. 
[0059] In addition, although the height and trough of a ground substrate are constituted from an above 
mentioned example by a vertical plane and the level surface as illustrated to drawing 2 f you may form 
these from arbitrary slant faces, curved surfaces, etc. Therefore, the cross-section configuration of th 
trough formed on the ground substrate illustrated to drawing 2 (c) may be formed in the form of for 
example, the abbreviation type for U characters, the abbreviation typ for V characters, etc. besides tl 
**** type of an abbreviation rectangle, and, generally these configurations, a size, an interval, 
arrangement, orientation, etc. are arbitrary. 



[Translation done.] 
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Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] The typical perspective diagram of a partial fragment of the ground substrate explaining an 

operation of this invention which has a height, and the semiconducting crystal which grew on it. 

[Drawing 2] The typical perspective diagram (a) of the partial fragment of the ground substrate (Si 

substrate) 101 concerning the example of this invention, a plan (b), and a cross section (c). 

[Drawing 3] The typical perspective diagram (a) of the ground substrate 101 by which one layer (AIGaN 

buffer layer) 102of substrate **** a was formed, a plan (b), and a cross section (c). 

[Drawing 4] The typical perspective diagram (a) of the ground substrate 101 to which the laminating of 

the substrate layer 102 (layer 102a and layer 102b) was carried out, a plan (b), and a cross section (c). 

[ Drawing 5] The typical cross section of the semiconducting crystal on the conventional ground 

substrate. 

[Description of Notations] 

101 — Ground Substrate (Si Substrate) 
101a — Height 

102 — Substrate Layer (Nitride Semiconductor Layer) 
102a — One layer (AIGaN buffer layer) of substrate **** 
102b — Two layer (GaN single crystal layer) of substrate **** 



[Translation done.] 
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5/zool /min JiLh, 9 0^mol /min UiT*^V\ 5g 

mi&ti&ifo. u&&.&&m<Dm?kmzi>#i&tf. m^i 

0-8 0/zmol /min WfiflSBA^C2b4. ^<0fi«4, 

k±iE^a- ( t> - a > zm$ckmizmw-r 
&zbtmL<%&<?)x\ zzmtm (5m®<rm%) 

mmmixm<. mmm^th^ mi« 
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too is] 4^. mi mmm) izxr>. rmmm 

frmwiznmi&'i^ , mmmzmnfim* i>m 

*w wmm&&<itf'm&&&t. madam 
o art &M&com~c^m ttco. m&L<% 

too 1 9i ttz. m6cr&-ffl±. ±Mi<?>mijbm.&5 

crffitifr l KF&mzte \, >T , TilHHKoWB ttx. 
xl)3y(Si) tititmit^V^y (S iC) Srffl^ 
S-rfcT&S. f^Tifiat^fti VX 
li. tffxJf, GaN, A 1 N , GaAs, InP. Ga 
P, MgO, ZnO, Mg A 1 2 0 4 m&1%mX\ 4 

AiJf>)A(LiGa0 2 ) „ gSE-ftrE: 'J > ( M o 

s> mdmm*imx'$>$>. fc**u m^smmzmrs 

*rfr£2iiR^-& d t #*H4 L < , 4*:, Tim&LMlz 
100 2 0] 4fc, SS7?>#ai4, _LfBtf>Jgl 
i (111) fcfflVK 51WJBl£Ififc:i3VvrTiMHK 

assB&no^asfflfttwucs i (in) af^sas 

If, ±^O#SP<0giaj®<7)teS««iaS a fc/J\§ < Wffl 
±£c^«- (b-a) £, ISiflttfciKEflfL 

1 0 0 2 1 ] SS803MBH4, AM<nmiTMm7 

vmtifr i oo#goi§e^jsx^tc, *?fif < 1 1> 

5§@gff<?)^EB£ a 1 j Ga^, N (0<x^l ) j J: 
9 JK&A «/ 7 r «»MT<>XB»Rlt« i fc T* * . 
too 2 2] ?t*:L, Jjao^<y 7rlt fctiMfc:. ' JS 
fc, ±E<V«y7-rJIkBWHIWt (« :-A 1 N^>, A 1 
GaN) W+iaWtJBBBWfc, ;3U4fl!ltf>«fc3c2fc:, 

tOO 2 3] IWf5rA' 7 7Ti (ttt*(4, 4>raS) 

10024] ttz. m9<^ma. ±Mz<r>ms<v^mz 
izfm-t&ztz'hz. ttz. mm^s^tLxa. 

J<v7Tme>mmi*. *5«fc-€-0. OljumfcUi, lAtmia 

£ftSmSi<0*S B B B Jf (0>J: GaNI) ^Sr^HtcSt^r 
fiKi£:K$-i*r£<ri:#T'#&. BP*>, Z<r&mz£0. 



1002 5] rt-/7Tmm*mfct&& 1 N^A l Ga 

nm&. TimG&m&Lizmmnifrkmizfmiiiig, 

A 1 N^A 1 GaNfi *) l>mj}ftf&£:l% 

^m\*uzm>mitf. imo^&tzztui , o«m^ 

10026] zcvzmzio. mmzTimm. 
frt>ftmLizmiz. mwa<vmm (Tmmtf&^Km 
<7)M) ms&m (j<»s7Tm<?>±tz&i8.iiti&ffiw 
<r>m) imizti&mizmm-h. ^t, mwscomm 
tcmi*»j<w* fine , m^fifiu^snaij-r ■& t 

10 02 7] i^, A.y7r«oim{i, ±IBOilO*iJ: 
-?-0. 0 1 7/m~l jtzmgjg^Slfo^^r^H-CfcS* 5 , 
«fc L<(4, 0. 1 um&Lt. 0. 5/xmiUT*i^V^ 

ztizv^Q.) &±ihb. m&mzi>j>7tf±tM< 

10028] mi0cO#g«, _hia^m 1 Jb^m 

9nmKfri^<D^m<vm£iriimj:miz&^x^ mm 

<T>WmZ 50// miyji k^Sifc-C^S, 

10029] ( ii\mm.^mmt 

&Wmfr) ^JP§I4, *«J5 0/imULh3& J M4t<, ^ 

nmztfm^n. mxmizm-&3\~?m'oj&j3i> i Mmz 
tix , mRmo&tiL*?? ? «/ ^<7)f6^^Sr^-T*# 

t003014^,Sgll 0#gti, _L!2<DH 1 

1 0 <7Mixfr 1 oo^S^iS^SXStc , ISiHt • 

^ft&t , &*x-m$riLm&y&£r h ztx-hz. 
t o o 3 1 ] 09xtf , m^Mm^-m<7)^mmz^. 

64Tii, ±3&nmt (b-a) 2:B&^:^L^v^ B B B 
fi&«& m : MOVPES) SrSfflL, -eof^fi, BUS 
«t <50w mjaLhfc-r & i i: ^^^Tife^^S 
(«?|J: HVPES) Sr^ffl-mtf, JBBffi!£«JM£«>& 

1 0 0 3 2 ] m 1 2<0#g»i, UEom 1 7bSlg 
1 lcOMa^loO^SOI^gp^^xm^fc^T, 51 

10 0 3 3] ZtllZ «fc 0 , «*|6|JftJi<0jfcft*fr#£tt 

£izmfrtiz&x'<7>&Tmz. mmmz^yv^i&ktm 
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iz-mizmttz z 1 vm, t %z> . *¥©tci 
mmy *&m3mz®imizftm-$> z t mnt^ s 
m t nttmmmizmsx'Z awe** . 

[0 0 34] SfSl 3cO#Sli. ±Ucomi 2<&¥- 

m.<r>mmmmmLWizii^x . 1 ia#*o. 1 muubtf)i& 
ztTbz. z <v$mz x 9 . ±ia^n 1 
t . &G.<7)®L&mni.z&m- s z t **-c§ & . 

[00351 *^.^1 4*>#&<4. ±IBO^ 1 ftMKI 
1 30MiX3&»l-5^Si7)5l@^^IgCfcV^T. m 

[0036]i^^l 5<03mL ±IBtf>J& 1 ;P;MJ& 
14<7)MiX*»lOc7>#S<0^ga5®^XS^t3V^-C. S£ 
Sff<0g9anH (ESMWI) £0. 1/zmtLL. 10vm 
M.Tb-t&ZbX'b&. ±9a*L<f4. |&lbft«e>£ 

i^ttctws**, gm&owmmmn. 0.5-8 

[0037] Z<r>^mz J; 0 s §iMSO»D±:fr £S 

zmm-z z himmt . -r offiaM^3a#*s t . 

E L 0^ffl**?&fc*#£>*uGr < =5: 9 . tSfttt^ft-t- 

*>IW£ig3KU:lc*& < L&MR9 * 3§ggff£®»rr 

[0038] dOffi#*#<& 9 51^ 
fc^*tf>««*5 JJ!rfcfflK*"C« oCfc =5r<^r 

ffisfj^/fc^t * 0 asrc , e l o<aftuiia%ir» & 

[ 0 0 3 9 ] *fc , m 1 6tf>¥8<4. ±!Bom 1 TiSM 
1 50fif<i*»loo*S«gliBaBBlRiet:tjv^r, 51 



jBSW)li*I&W)WS £0. 5 mfiLL, 2 0 ju mfelTt "T 
fcttflPt*^ 5S8»<0«fr|PltfD*SI±. 0. 8— 5jum 
fcH«fc, ELO<0f^ffl*%if#fe*L*<5fir9, ttAtt 

JS»^J£ S JT«<B)t fc 9 . S&Bffi<o»A{c£S 

v\ m®&*mmizim-£*thz.timL<%h. 
[0040] ttz. nne&mt* issmmiTsm 
1 6<^ixfr\^<7y£&<7ym&&&mi.mz&\,\x. m 

BmamjMxkZ. XliiSSSrO. l^mJiLh. 1 
Ox/mJaTfc-rS^tT'ft-S. ±9S*L<{4. tSAKfi 

m< mjinmm**.* < * 9. »«®<o!igM*^D l 

[0041] ifc, 15^3 (tmmiMY izj: 9§^gP& 

9. smmnmrnifmiiaLgK**). m 

[ 0 0 4 2 ] S§gStoSfflISP#&<mfrflO± 
ill. Xtt«S(c«. _hlBO«fc«iSfflX{i3SiE^H 

(4. **<fct«««fcHJt«3»« (»«) . ^tc«> 
5Mitrt3&»oTO*fc:B1t<:J»«3& t A< . i 9M* L< 

[0043]*^.^1 8i0#g(4. ±ISO^ 1 7!»S^ 
1 7 cDM;h.j&> 1 V v£ „ ttAAftn^iJ: 9 

mizx 9 „ Tim&<?>mmme>Gwyj?%< 1 1>— 

^Effifi«OM H B B ttX{4^*t3t£^MkX(4^t$^§ 

ztizx*). znm&mMiz&ifz, lumgtim&fcs 

®^#cotliikflLgmmai&Ti$1tZZkX'h&. Z 
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<V^mz£ 0 . wiU^^L^B.^^ ( b - a ) t 

^CSOT:i< rTJlB£«fcaHOT<3lSltf>»FJ@R 

[ 0 0 4 4 ] jfcfc. S£ 1 9<7)^m±. ±SOMix*» 1 o 
«>jMBX8tzisvvt % TJftS&kS^Jf k*>£>j£SS& 

r - 1 0 OXVm i n 0. 5t/m i n j SftOM 

[0 04 51 *>t. gS2 0tf>#8U:> ^-&<kk. ±IB 
coMix^ 1 o<0#JgXS4 0 SIl«t:S 

WiHfcinilMHfcJ: 9B!^^6S1Ba$£XS£f£tt& 

rttw. c:<d^&£4*u£\ ««e<7)Sffi (T*a« 

[ 0 0 4 6 3 5gt. ^3|ttf)BHBflaS* f&*-f & ZbtZ 

mmtffti.-t&nx'. $gmm i fa±.-t&* zk. mt 
&$mLfztgr&mzt±, m$Lmnmffi<?)^>y7Tm&x- 

[0047 i • 'ifc. »2 i<o¥Bti*. iiitjaflflwwi: 

1 ^<^&K&6^tt*£ B 1^S^:fri££ffi V *X 

v v^#4 o , ii i»aflsii^-&wt s »*»* 

SFPfcWWS £ k *«n£3Ui38* k * 4 . 
[00481*^.^2 2<Z>¥8»4. ±IBOm 1 JbSfS 
2 0O«^lo<0*Sfctt* a NWislSflW)«3S*&*' 

4 0 . I II*BHiai^**MI^«e*T *« 

«tt3itt%%s?&K&? s >i k *fansxii«ak * 
§4. 



[00491 

[oo5oi cn ssea^jexe 

Ol^Si (111) BLhfc:, 7=rb'JV/57-f-^ 

m/*mO*PJft#*W>55B»l 0 1 a££>2jum<7>I! 
WDSLfc. WltLtli, -2l*<»2ium 
CDB&JE^-ft&Z&mt ~th 2<*3cH£fg^#f&^LL 

ssstf 1 o i a^^LTt. iteu rmmui oiw 

I§ll*)2 0 0wm J: Lfc. 
[005 11 C 2 ) t&AAftXS . 
*ISAl«*ZSTI4.-H4.lc*^aifc:, ISJtoftJCfli 

giegsi o i ae>±m *>^#^sv^(= 

^1S^:S'(b^!l5vta^«& (MOVPEft) tCfi!o-C^ 

?>wm=s8Lm-h$.x'<nfc$jm*K4 

&m ( HVPES) t^oTHigLJt. i*K 
XSTI4. T^-T (NHa) ^fX. ^f^UT^'X(H 2> 
N 2 ) . h U -X-f-H^y , 7A(Ga(CH 3 ) 3 )^fX ( JjlT r TMG 

J klB-T) , Jtlf>U>t^TAf$— ^(A1(C 
H3> 3 ) #X («T r TMA j kf£-T> SrfflV^. 

[00521 (a) XSBO^BSPl 0 1 a*<H»t 

4>*ufeTiftWRioi (02) zimim&xmtmiz 

•TTiBHR 10 1 fC^^Ufc. 

[0 0 5.31 (b) act:, ±i£OTfl!^l o 1^± 
tC N MOVPEfttajor^H,- , NH 3 , TMG, TM 
AS-fla&LT. AlGaNA'77Tl (SRiill) 
102aMLit. I»AlGaNA'77rI10 2 
a?>*S B B B J&KiSJgl4. »1100t, JSJJ{4^0. 3wm 
X'h-oit. (M3) 

(c ) CICOA 1 GaNA 7 7rl (SKS^lS) 1 0 
2aO±lC. S$RJi!&2Jl<9— SP. BP*>. JgJ5^5A£m 
<7)GaNJ1102b$:. H 2s NH3 S^TMG^ML 
T, fi£ft?SSl 0 7 5°C-C'iS B 3 Bj£«$^c. i^Igt 
4 0. H4fciS-*Utfc, S««m2Ji (GaNi 10 2 

b ) n-uijmjjftfc-RL. ®mvh$mt$ iou« 

Jg{4. 8lia4 0^mol /min gJST'J) 0 . S^S^2® 
(GaN| 10 2b) <7)^ B B B ^^<i. ^Imhi/H 

[00 54 1 (d) ;W K5-f K^fflfiKftS 
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(hvpe&) ttot, ±.m<oGaNm (mmmm2 

M) 102b£. MlZ. 20 0 ti m£X'1£ikl&g:2-*£ 
fc. dOHVPEat^ttSGaNSl 0 2b<0*£ifij£ 

[00 5 5] C3D#8tXiS 

(a) ±R<msMimn9t. ry=t-T (nh 3 )#* 
*mikfS.mm<?>fcmmz : fcLtz£&. nmfci o i 

t. (A 1 GaNJ^v? t9 1 02ai GaNJBl 0 2 
b ) *tg® 10 2 S-BS^ai-C^fflt/i. i 

<7)B^#aB£K«. Wa r - 5 0*C/m i n 5 XV 

mi nj U&Tfoi-fz. 

[0056] ( b ) %<m. ZLtlt>*m&J8iMgiW<?>&. 

mmfrwoiti-tt. Timmioiij^mmvfzGa. 

N«£,P H #f#£>;h.fc. fc£U £*>*MH±. GaNJf 10 
2h<r>mM^ A 1 GaN^-y:7yJll 0 2a<D/h§2: 

-w/Hvtmhgami 0 1 a^mmmhimsLiz 

[0 0 5 7] C4]KBBSR|^XS 

v vfcx «y ^- yrwmiz i 1 ). Ga N*£Jl,?«ffifc#s -? 
S i J; 9j£*5@B«l 0 1 a<0®»BS«Srl$*L*:. 

[0058] VL±cvm3k-%miz£ > ). mmm2oovm 

tO*SStt^^tCffiix^m«cOG a NtSA (GaNfl 

0 2b). W*>. TtfM 101 ii^m±Ltzmm<^ 

[00 5 9] ft. JJBQfdtWCIi, 02fc0»L*:8i 



LTfcftV*. ftoT. 02 (c) fc0!l^L*:TJfta«± 

<. — ^tc^ix^>co?^«. ism. mm. m$im 
im2i *m\<r>mmM<<z®i>& . Tim®, (sn 

S) 101 ^WjriSrfr^WMtli ( a ) . ¥ 

mm < b > . mmmm ( c > . 

[H31MMI1-JI (AlGaN^77ri) 102 

a*^$^Tifi*«i 0 1 com^m^mmm 
( a ) . ( b ) „ Rx/mmm < c > . 

[04 ] SflUffl 0 2 (®1 0 2 a&tflgl 0 2 b ) # 
SWrStafcTJHHK 1 0 1 <^5SfKF5:£Kg0 ( a ) 

ma ( b ) . mmmm ( c > . 



101 

1 0 1 a 

102 

102a 
102b 



mm m{tm*m#m) 
m&mmim (a i GaNA'-y7rD 
mm&2m (Ga.wm&m) 



[01] 



[05] 




**** 

^ >KfclbWMMI 

p77T|/|/M| m "igj 
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im2] 
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101 



o o o 
o o o 
o o o 



o o o 



.101 
.101a 



(c) 



(b) 



102a 




o o o 

o o o o 
o o o 

£>- O-0--©- 

o o o 



.102a 



101* 




(c) 



102m 




101* 



[04] 




101 



102b 
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F?— 4G077 AA03 BE11 BE13 BE15 DB01 
ED04 ED05 ED06 EE01 EE02 
EF03 FJ03 TK01 TK04 TK06 
TK10 TK11 
5F041 AA40 CA33 CA40 CA67 CA77 
5F045 AA04 AB09 AB14 AC08 AC12 
AC15 AD14 AE29 AF02 AF03 
BB01 BB02 BB11 BB12 BB13 
CA09 CB02 DA53 EE12 HA01 
HA02 HA08 HA09 HA11 HA12 



